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THE MEASUREMENT OF CABLE CHARACTERISTICS (Part II) 

MEASUREMENT OF ATTENUATION (a) OF COAXIAL CABLES 
AT 400 MC AND 3000 MC 


Military specifications (MIl>-CM7B) 
require that for quality control the at¬ 
tenuation of all hiRh-frequcncy cables be 
meitsuriM^i at 400 Me and, in most cases, 
also at 3(K)0 Me. Low-frequency cables 
are usually nieasureil at I Me. For Iwth 
the 400-Me and 3(MK)-Mc measurements 
the insiM tion-loss unshod is recommciid- 
ed. This metlnxl can be used for all 
cable types. The ins<‘rlion-loss methcxl 
and its practical application u.sinp; com¬ 
mercially available e<iuipment are de- 
scribe<l in detail below. 

METHOD OF MEASUREMENT 

The measuring setup consists of a 
const ant-out put signal source, a cable 
sample to be m(‘iusured, anti a hetero¬ 
dyne-t>T>e detector having a .step at¬ 
tenuator and an indicating meter that 
are accurately calibraterl in decibel.s. 
The signal source and the detector are 
made up of the com|x»nents shown with¬ 
in t he dashed boxes of Figure 4. Changes 
ill signal level into the detector are di¬ 
rectly measured in terms of the corrtv 
spending changes in attenuator setting 
and meter reading. 

To make a measurement, the signal 
source is first connecte<l to the detector, 
the detector (attenuator plus meter) 
reading is noted; then the cable sjimple 
is in.serted between the signal source and 
the detector, and the new detector read¬ 
ing is noted. The insert km loss of the 
sample in de<‘ibels equals the dilTerence 
between the two detector readings. 

The insertion loss mea.surcd as alxive 
^ is made up of the attenuation loss of the 
cable sample (which is the quantity to be 
determined) plius any refl(‘ction losses 


that may occur at the jiuictions between 
the signal source, cable, and detc»ctor. 
Pads arc usexi at the signal source output 
and detector input, and if the impedance 
of the cable sample* matches the im¬ 
pedance of the pad.s, the reflection Iojnscs 
are zero, and measured insertion loss 
equals at tenuation loss of the sample. If 
the imptHlance of the cable sample does 
not maU’h the impe<iance of the pads, 
then at each junction a refleidion loss 
occurs, and their combined value is sub¬ 
tracted from mea.siired insertion loss to 
obtain attenuation lo.ss of the .sample. A 
liiscussion of the nature of reflection 
los.ses and how to deti^rinine them will be 
found later in this paper. 

DETAILS OF EQUIPMENT^ 

Signal Source: The signal source con¬ 
sists of a Unit Oscillator (Tvi*k 120S-B 
for 400 .Me or Typk I220-A2 for 3000 
Me), a Typk 120 1-A Unit Regulated 
Power Supply, a Tvpk 874-010 10-db 
Pad next to the oscillator, and a second 
IQ-<ib pad next to the cable sample (see 
paragrapli after next). At 400 .Me the 
use of a 'rvPK 874-F500 500-Mc Low- 
Pa.s.s Filter is recommend(Kl. 

Detector: The heteriKlyne-type detector 
consist.s of a 20-fib input pad (sec* next 
paragraph), a crystal mixer (Typk 874- 
MU Mixer Rectifier), a local o.scillator 
(Typk 1200-B Unit Oscillator), and a 
30-Mc i-f amplifier with step attenuator 
and meter, both accurately calibrated 
(Typk 12M>-A Unit 1-F Amplifier). The 
mixer combines the .signal input and the 


• (li'nrral lludio t*quipnM*nt i# l»rn*fly at 

thf fnd »»f thin urtirle. For UnluiltHl 8|irciiicittion«, tee 
G. li. eatnioit. or for tlinii. 
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local-osl'illalor output (set to the proper 
frequency) to produce a beat at 30 Me, 
which is amplified aiul measurcnl by the 
i-f amplifier. With adc^^iuate level sup¬ 
plied by the local oscillator to the mixer, 
the muplitude of the 3()-Mc beat is pro¬ 
portional to the signal input level, so 
that attenuation measurements can be 
ma<ie very accurately by means of the 
calibrated attenuator and meter m the 
i-f amplifier. 

Pads: The ty|x» of pail usetl at the signal 
source output and deUTtor input de¬ 
pends on fri'quency ami on cable im¬ 
pedance. At 400 Me for all cabk*s up to 
lOOnihm impedance and at 31HK) Me for 
50-ohin cable.H, Tyi»k 874-CilO 10-db 
Pads are most conveniently us«mJ. At 4(K) 
Me for cables above l(X>-ohm imix^ilance 
and at 3(X)0 Me for cable impedances 
other than oO ohms, use appropriate 
lengths (si) as to obtain approximately 


^Ftir rwiuiil**, Ttrs K74-<’ ran Im* fitted to UO nuinlxY^ 
.•», t5. 21. 12*1. awl M.'l: Tmta H74-rH awl S74-('M ran 
intrrrlianitmldv lw> (itliHi to HC nntiilirn* K thmuicli 13. 
63. 7n. IM, llfl, l-ll. anil 116; Ttp* H74-Cri8 ran U- 
fittiil to UC: nuinl>rr» 22. .’i.V .'iS, til. 122. III. ami 142; 
ami Tytk H74-r’62 ran Im* fittrH to UCJ nuinlicra .M), 62, 
ami 140. IKliiT i-iimhinntioim can ikrobalily lie iim»ruviitnl 
Id many of thrsM? ra^M* ihr fit lu the caHIr will nut b<- 
Mr«*|lrnt tMerhnnirally. hut it will be ^tMnrtnry a* a 
teni|iorar> iiirtluMl u( mnmH'tion for ijieaj^urrnirnt 
purpom***. In inrtalliiJie thcr»e l•onn^H•l/lr^, thr nihhrr cable 
fcuanl I'un Ik* oniitt<xl. thr nriuor of tinitorr«l rahirfi inuM 
he rut liark. ami thr outer braid of •loiibI«*-shirId«*<l 
r«bl^^ may not alwayt* fit umlrr the hmid-rlampinK 
friTulc, in which caMN* only the iiiiier hniUI i* uac*l. 


10 db attenuation in each) of the same 
tyfx* cable as that being measured. 
Connections to Coble Sample: The cable 
sample should lx* fitted with suitable 
coiuKTtors for making reliable connec¬ 
tions to the measuring apparatus. Avail¬ 
able Type 874 Cable Connectors can be 
usihI on many dilTorent standard cablc*s,’ 
or if standard military connectors are 
usixl, appropriate Type 874 Adaptors 
can be usihI to make the connections to 
the Type 874 Connect4>rs at the .signal 
source and detector. Tlie use of Type 
874 Connectors for attenuation measurt*- 
ment pur|)osc*s is recommendeil wh(‘re 
possible, because they can Ik* iiistallefl 
on calilos considerably more easily and 
quickly than other connectors anil can 
lx? re-used many times.* Cables that 
cannot he fittc'd with 'fYPK 874 Con¬ 
nectors can be fitteil with Ty|x* x, Type 
n.N'C, Type c, Ty|x* hn, 'fype Le, or 
'fype riiF coniicHdors, and adaptors 


• The hruidi'lampinff frmile* rnnnot umnlly be re-u.»e»l. 
but they am n%’ailablo wTiurately and inexpcmiively 


Fttr rahir eanmtrtor fyp** 

Ferruir ty%*f 

Ftrrule phrt 

s74-c\ rs 

FEC-3 

10 for si .no 

H74-CSR 

FEC-2 

10 for SI. 00 

H74-CQ2 

FKC-? 

10 for SI. 00 

S74-f'9 

FEC-fl 

10 hir SI. 00 


Figurw 4. Setup for tho mootwromont of ottonuotion in coaxiol cobUs at 400 ond 3000 Me. 



TO A-CUNf 
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from plug: and jack versions of all of 
thc.s<-‘ to Typk 87*4 an* available.* 

Length of Sample: Tli(^ choice of sample 
leiiKth of a cable is usually a l>alaticc be¬ 
tween measurem(*nt accuracy, which im- 
provi*s with longer samples, as u*ill Ik? 
diwussed later, and practical consid¬ 
erations, which generally, though not 
always, make shorter lengths preferable. 
A maximum limit on the length is set by 
tlie 8(*nsitivity of the det<*ctor and power 
output of the oscillator. Expressed in 
terms of the attenuation of the sample, 
this limit is al>out (iO to SO db. 

The iu*curacy of the over-all measur¬ 
ing system can be checked at any time 
merely by meas\irements with the Typi-: 
874-(il0 10-db signal source output pad 
in and out of th<» circuit. The change in 
reading when tlie pad is remove<l should 
equal the known attenuation of the pad. 

ADJUSTING THE EQUIPMENT 

Detector: The local-oscillator fn*(piency 
is st't to 370 Me for a 1()0-Mc measurt*- 
ment or to 742..j !Mc for a 3(KK>-Mc 
measurement. In the latter case, the 
2970-.Me fourth harmonic of the local 
os(‘illator is generated by the mixer to 
produce a 30-Mc beat with the 3(X)()-Mo 
signal frequency. In either case, tune the 
local oscillator for maximum i-f am¬ 
plifier meter deflection after the signal 
source luis lH»en st't to pro|K^r fre<|uency 
of measurement jus outliiuHl below. The 
output coupling loop on the local oscil¬ 
lator shonhl be adjusted to pnxluce 
betwmi 25% ainl 100% deflection of 
i-f amplifier meter when mktkh iikad.s 



Adnititir Tftpr 

Mtiitarv e^mftrrfnr 

trith fttri 

iduij 

Tvih. N 


S74-C^NP 

Tyii- RNC 

H74-(KVI 

S74-gHP 

TyXf C 

K7-i-gc.r 

K74-<K’t* 

Tym- UN 

h74-(}II.F 

H7M^IIP 

TytM. nil 

K7i-<jrj 

H74-Ql’P 

Tyin: LC 

H74.QIJ 

S74-(^I,r' 


switch on amplifier is set to D-e mixku 

Cl'RRENT. 

Signal Source: For l(X)-Mc nunusurc?- 
ments, the dial of the Type I20S-H 
Unit Usi illator is set to 400 and the out¬ 
put co\ipliMg loop adjustcii to give a 
convenient l(‘vel at the detcH*tor. I'or 
30(X)-Mc inejisurements, the Type 1220- 
.42 Unit Klystron (>sc*illator must be st*t 
to 3000 Me and its rej)eller voltiige :ul- 
justed for maximum output. 

When the oscillator is fii*st turnwl on, 
allow a few minuti's for warm-up. Since 
it does not have a frec|uency calibration, 
the klystron oscillator is set by using I he 
local-oscillator fn*quency (?alil>ration as 
follows. (Once s<?t, the frequency seldom 
neeiis to be readjusted.) 

1. Connect det«*ctor to signal stnirce, 
omitting the JOnlb patl and I he adjacent 
lt)-<lb pa<l, disconnect local cjscillaior 
from mix<‘r, set meter re.mxs switch on 
i-f amplifier to n-c mixer current, and 
adjust klystron oscillator repeeler 
VOLTAGE control for maximum deflection 
of meter on i-f amplifier. This prcnluces 
maximum output level from klystron 
c»scillator for whatever frequency it 
hapjKms to be set initially. 

2. Set METER READS switcll to I-F OUT¬ 
PUT, reconnect locid oscilljitor to inix(*r, 
and :idjnsl locai-os<*illator frecpu'iicy to 
prmhice two strong defle<*tions of the 
i-f amplifier meter separattxi by 15 Me 
on the lcK*jd oscillator dial. If the 
klystron oscillator happens hy hick to 
he set at 3(XMI Me, then the two settings 
of the local oscillator (li;il will be at 742.5 
Me and 757.5 Me rt»spcctively. If not, 
then use a screwdriver to r<‘adjnst 
klystron-oscillator freipiency, re|K*Jiling 
steps I and 2 until thc‘S(‘ two frwpieney 
re.'wiings are ohtaini'd on local-oscilhitor 
dial. There also may he two very weak 
deflections in between the l5-Mc-8paeo<l 
strong deflections, and thei?e are beats 
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with harmonics of the klystron oscillator 
frcMiuency, hut they are so much lower 
in level that they cause no ambiguity. 

ACCURACY 

The accuracy of measurement is de- 
termiiH^l l)y the accuracy of the attemni- 
t-or-meter combination in the i-f ampli¬ 
fier. riie ma.ximum error is I per cent of 
the attenuation value Ix'ing mea.surwl 
plus a fixtsl error of 0.3 db. Since the 
measurement is always made at the 
interriMHliate fre<iuency of 30 Me, accu¬ 
racy is independent of the me:isurement 
friHpiency. H(M*ause of the fixcnl error, 
the total error expn?ssed in per cent of 
the attenuation value beinjj; measured is 
less for higher attenuation values; sf) it 
is desirable to use fairly lonji; cable 
siunples. For example, the maximum 
over-all error when measuring fi db of 
attenuation is (i per cent, while for JO db 
it is 2.5 [)er cent, as shown in Fij?ure 5. 

The 'rviM: l‘J01-A I’nit Kemdated 
Power Supply prevents errors due to 
liu<!tnation of the signal source output 
during a measurement. Tlu* use of 50- 
ohm pa»lsat the ends of the cable .sample 
makes reflection losses at these juin*tions 
iK'Kligible for cables having character- 
istiir impedance values near 50 ohms. 
When cables having other values of im- 
|je<lanee are measiircnl, the rcfh'ction 
los.sc's are usually accurately known and 
can be subtracted from the nieasunxi 



insertion loss to obtain the tnie attenua¬ 
tion loss of the sample, as discussed in 
detail in the next s<H*tion, or lengths of 
cable of the same type* as being measured 
can be use<l as pads, thus eliminating 
reflection losses. 

EFFECT OF IMPEDANCE MISMATCH 

In general, the insertion loss of a net¬ 
work is made up of attenuation loss, 
representing essentially the j>ower ab¬ 
sorbed by the network, and reflection 
los.ses caused by im|)eilance-level changes 
at the input and output junctioius. Since, 
in the method pnwiously ih'siTibed, the 
attenuation loss of a cable sami)le is for 
most cable types d(*terinined by meas¬ 
urement of its insertion loss in a 50-ohm 
mea.suring system, tlie reflection losses 
must Ik? consi<ler(*<l as po.ssible sources 
of error when the cable characteristic 
impfMiance is not 50 ohms, and either 
their effects must l)e made negiligible or 
corr(H:tions must lx* made. 

Reflection loss can Iw* explained as 
follows. When energy traveling along a 
uniform system encounters an imped¬ 
ance discontinuity, a portion of the 
energx’ is reflected back to the source, so 
that the energ.v transmittc'd lK*yond the 
discontinuity is less than the incident 
energx' by the amount of the reflecte<l 
energx', thus resulting in a ** reflect ion 
loss.*’ The magnitude of this reflection 
loss for a single junction is: 

10 log,, (-i- 3 -jyrja) (Iwihels, 

in which | F | is the absolute magnitude 
of the reflection (ax*flicient of the 
junction and is diix'ctly related to the 
voltage-standing-wave ratio (VSWR) 


Figure 5. Variation of mooturomenl occuracy with 
cablo ftomplo attonuation. 
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as follows:*'^ 

, „ . (VSWR) - 1 

' ' (V8WH) -f I 

Fortunately, the V'SWH must be fairly 
high l)efore any siKiiilieant amount of 
retleetion loss is pnaluetMl; for exam|)le, 
a VSWR of l.'Jo corres|)oiuls to a re¬ 
flection loss of only 0.05 dl), while a 
VSWR of 2.(K) eorresj>oiKl.s to a loss of 
0.5 (ib. 

If the cable sampU* being measureel in 
the 50-ohm system does not have a 
characteristic impedance of 50 ohms, 

two etiual discontinuities (‘xist, one at 

each end of t h(* lailile sample*. As a restdt, 
there are two e(|ual reflection losse‘s, 
e'acli of which can be* calculated from the 
equations in the above paragraph. In 
addition, multiple* r(‘flections are set up 
in the cable sample betwt*t*n the* junc- 
tioiLs, anil tlie*se can mexlify the reflec¬ 
tion losse*s by an ame)tmt de»|)ending on 
the electrical le*ngth of the cable* .siimple 
and em the fre*<iuen(!y and thus cannot be 
correcteei for by a simple calculation. 
The multiple reflee*tio?is are rapielly at¬ 
tenuated in traveling threaigh the cable 
sample and can Ik? maele !K»gligible by 
the iLsc* e)f a long sample. 

For example, to take an extreme case, 
supptjse the \’SWR of the junctions is 
2 .00, as it would be for a l(K)-ohm cable 
sample. Then, if the attenuation of the 
cable siimple is about 10 db, the maxi¬ 
mum possible error caust*d by multiple 

I" ri«i utixj rdiitod to the iinixxlniuv levoU on Itofh sides 
of the iunotinii mm follows: C •• * Tv/ .tn which Zu U the 

^ M 

olinmeierlitio iiiiiM'diuirc of the uniform system up to the 
jutuTtioii. lUid Z is the input imiNulance oi the Hystem t)«- 
yond i)u? iunction. AImc>, the mtio of rcHected iK*wer to 

ineiikuit iMiwer is cqtitti to I T VSWlt oqUAls or , 

Zo Z 

wltioltcver ts grentcr thjin tmit>. if Z nnd Z« iin« lioth real. 


Figura 6. R*A«ction<loks corraction (to ba subtroctad) 
va. cabla impadonca and VSWR. 


reflections is only ±: 0.1 db. The normal 
calculated reflation loss at each junc¬ 
tion is, as raentioneil earlier, 0.5 db, so 
the total reflection loss for both junctions 
is l.O db. Suppo.se that the me:u<ure<i in¬ 
sertion loss of the l(K>-ohm cable sample 
in this example turns out to Iw* 11.2 db. 
The desired attenuation loss is found by 
subtracting the calculateil total reflec¬ 
tion loss of 1.0 db from the measured in¬ 
sertion loss of 11.2 db, giving a linal 
answer of 10.2 db with an uncertainly of 

0.1 db, or :t 1%, owing to mtdtiple 
reflections. 

Figure 0 gives values of the total re¬ 
flection loss of both juni!tions as a func¬ 
tion of VSWR and also as a function of 
the characteristic impcMlance of the cabh* 
sample. (The refcreiute.s to twin-comluc- 
tor cables and to the2tK)-ohm imptniance 
level will lie explained laU*r.) It was 
pointed out in the previ(jus paragraph 
that this lo.ss is small, and the curv'e 
shows in addition that cable character¬ 
istic impedance ue<*d Ik* known <mly a|>- 
proximately in order to obtain a suffi¬ 
ciently accurate value for (he reflec*tion- 
loss correction. For f*xatuple, the cor¬ 
rection is 0.3t» db for 75-<ihm cables and 
0.28 db for 71-ohm cables; so it .seems 
reasonal)le to use a roundi»d-o(T cor¬ 
rection of 0.8 db for both types. 

The ma.ximum possible magnitude* of 
the error cau.s(.*d by multiple reflections 
can be determini'el from Figure* fl and 
is equal to the numlH'r given for the 
reflection le^ss rcduce'd by twice the e*able 
attenuation; c.e/., if cal)le attenuation is 
10 eib, reeluction is 20 db or 10 to 1. 
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For a WSVVH of 2.00» Figure (i gives a 
rcfleelion loss of l.O db, so the maximum 
possible error due to multiple reflections 
is oiu'-tenlh of this, or 0.1 db. 

If the cabh* sample cannot bo made 
long enough to attenuate the multiple 
reflect ions sufficiently when ahighVSWH 
exists, steps should be taken to rtMluce 
the mismatch. Suitable rc-sistance pads** 
can be usc\l if available, or other means 
can Im* deviscMl to fit the particular 
conditions. 

If the imiKHlance of the cable to be 
me^isiinMl is greater than 100 ohms, the 
refIcH'tion-loss correction is too large to 
allow gjsid accuracy; .so for such cabli'S 
the use of pads matching the cabl(*s is 
recoin meiuhsl.** 

The military specificatam .MI Ii-(M7H 
requires that at .*I0(K) Me th<‘ ptuls and 
coniurtors at the <*able .sample must 
match the sample im|XHlance.** 

In summary, the us<‘ of a Tvhk ><74- 


GlO IQ-db pad at each end of the cable 
sample providi*s a known impedance 
termination suitable for many types of 
caljle. When cables having character¬ 
istic impedance's in the vicinity of 50 
ohms are measureHl, reflection losses are 
negligible, and the measured insertion 
loss is eejual to the attenuation. When 
cables having impedances other than 50 
ohms are measured, the reflection losses 
can, in most instanc<'s. lx* calculatetl, or 
determiiMNl dirwtly from Figure 0, and 
sul>tracted frrim mejisureil insertion loss 
to obtain the true attenuation. Thus a 
.single mejusurement .setup <‘an be uscfl for 
mnirly all cable typi’s. 

For other cable types, appropriate 
lengths of the same tyt)e cable replace 
the 50-ohm pat Is. 

— W. R. Thvr.stox 
{To / m ’ continurd.) 

t.i'nxTh* •>( rabir hanne th<> »iinir rharartenatir im* 
priUorp xkn thr mblr undrr f(»t mn Iw umnI m pnil* 


LIST OF EQUIPMENT 


Quantity 


/tern 


Price 


1 

1 
1 
1 
1 

2 
1 
1 
1 

o 


Typ* 1216-A Unit l-F Ampliflvr. 

Typ« 1208-B Unit Otcillotor. 

Typ« 1220-A2 Unit Klystron Otcillofor... 

Typo 1209.B Unit Otcillofor. 

Typo 874-F500 Low Pott FiHor. 

Typo 874-G10 lO-db Podt. 

Typo 874-G20 20-db Pod. 

Typo 874-MR Mixor Roctillor. 

Typo 1201-A Unit Rogulotod Powor Supply. 

Typo 874-R21 Potch Cordt (ono tuppliod with eoch Unit Otcillofor) 
Typo 874 Adoptort ond Coblo Connoefort ot roquirod. 


$335.00 

200.00 

272.90 

235.00 

16.00 

50.00 

25.00 

32.50 

85.00 


N’otk Much of thi'» it bUo »ihi*<I for otlmr nicoxurctnprit* lo lx* ilr^TilHHi in Utiw nrtii’lea of this iw«e* 


NATIONAL CONVENTION ON MILITARY ELECTRONICS 

SHERATON PARK HOHl WASHINGTON, D. C. Booth 89 JUNE 17-19 






lET LABS, INC in the GenRad tradition 

534 Main Street, Westbury, NY 11590 tel: (516)3 


www.ietlabs.com 
•FAX: (516) 334-5988 






















